Background: An analysis of risk factors linked to ischemic heart disease (IHD) shows a strong link between these risk factors and early feeding practices. Aim of the work: The aim of this study was to evaluate cardiac biomarkers that could predict cardiovascular disease (lipid profile and highly sensitive C-reactive protein (hs-CRP) for both mothers and their children and demonstrate their associations with early feeding practices.
Introduction
Cardiovascular diseases represent one of the major causes of death in the world particularly ischemic heart disease (IHD) is the mean cause of death according to the global burden of disease in 2014. Ischemic heart disease is the mean cause of death in Egypt. Risk factors and risk behaviors that enhance development of atherosclerotic heart disease begin in childhood, and reduction of these risk factors delays progression of the disease. 1 A recommendation of world Health Organization (WHO) is that infants should be exclusive breastfed up to six months after birth and to continue breastfeeding for two years with complementary foods. Exclusive Breastfeeding not only reduces communicable disease in infancy but also protects against negative health outcomes such as obesity with its complications on the cardiovascular system in adulthood. 2 Numerous studies have suggested that breastfeeding in infancy may have protective effects on the development of cardiovascular disease (CVD) risk 3 and hence CVD risk in adulthood . 4 Breastfeeding in infancy may lead to small reductions blood pressure levels, also decreased total cholesterol and low density lipoproteins (LDL) cholesterol levels in adulthood and slightly decreases in adult body mass index (BMI). 4 Previous studies have been limited due to there was no correlation between breastfeeding and cardiovascular disease due to potential maternal and offspring confusion factors including socioeconomic status. 5 Although the Nurses' Health Study did not demonstrate a significant association between breastfeeding and BMI upon adjustment for socioeconomic status. 6 Detailed verification of risk factors, collection of social and demographic data, and breastfeeding report for mothers, through Framingham Heart Study Offspring mothers, and their adult children, in the Third Generation cohort provided an opportunity to expand the data analysis. They found an link between breastfeeding in infancy and several risk factors for cardiovascular disease in adulthood. 6 CVD is the mean cause of death in females in developed countries. As such, it is important to identify behaviors that modify women's risk of CVD. Diet and exercise are widely known to impact CVD, but less is known about the impact a woman's decision to breastfeed her babies may have on her future risk of cardiovascular disease. 7 While advantages of breastfeeding is widely known to benefit infant health, in 2014, only 13.6% of Egyptian mothers were fed their babies exclusively in the first six months of the babies life. 8 The controversy in the findings of links between CVD and breastfeeding practices of infants and their mothers has stimulated this study. The aim of this study is to study the effect of early feeding practices in infancy on lipid profile and highly sensitive C-reactive protein (hs-CRP), as predictors of risk to cardiovascular disease (CVD), for both mothers and their children.
Patients and methods
This is comparative, cross sectional, observational study that was conducted for 120 pairs of mothers and their preschool children aged 2-6 years. They were recruited from both private and public sectors, from Cairo Governorate during the period from March 2016 to February 2017. They are classified as per early feeding practices as follows:
Group 1a children who had never been breastfed. Group 2a mothers of the children who had never been breastfed.
Group 1b children who were breastfed in the first 6 months of life.
Group 2b mothers of the children who were breastfed in the first 6 months of life.
Ethical considerations
The study was approved by the Ethical Scientific Committee of Benha University and was carried out according to the guidelines of the Helsinki Declaration. 9 Mothers recruited agreed informally to the protocol of the study and the purpose and the results of the analysis were explained to them.
Inclusion criteria
Children 2-6 years of age. Apparently healthy children. Apparently healthy mothers.
Exclusion criteria
Family history of chronic diseases as hypertension, diabetes mellitus (DM), heart disease, liver disease and renal disease.
Intake of medications for chronic illness. Past history of major operation and blood transfusion 1. Methodology: All mothers were interviewed for their knowledge about benefits of breastfeeding by using questionnaire previously designed and tested for that purpose. This questionnaire designed and translated into Arabic for consistency purposes (WHO/UNICEF 2009, breastfeeding questionnaire), 10 to obtain accurate data questions were repeated with different ways with avoidance of leading questions to insure right answers. The questionnaire included personal data for mother as age, residence, education and working status, also working status of the father. The mother was assessed for antenatal visits and whether topics related to childbirth and breastfeeding were discussed with them to prepare them for successful breastfeeding. The mother was asked about her birthing experience including the type of delivery, how long after birth did she first hold her baby, help with the first breastfeeds, milk expression and on demand feeding, exclusive breastfeeding for the first six months, supplements, artificial nipples, referral for support and education material about breastfeeding. The second part of the questionnaire covered risk of cardiovascular affection including age of complementary foods, types of foods and mode of feeding, duration of continued breastfeeding, home foods (with salt) introduced, junk foods and fast foods introduced, milk introduced, sugars, exposure to cigarettes or shisha, gas emissions, chemicals, cleaners, pesticides, petrochemicals, paints, exhausts, stress, exercise, hours of sleep, sleep apnea, insomnia, difficulty falling asleep or interrupted sleep, abdominal pain, gas, bloating, diarrhea, constipation, straining when passing bowel motions, excessively smelly stools and/or a feeling that your bowels do not completely empty, oral contraceptive pills for more than 6 months in the last year also, whether the mother experiences wheezing, or other allergic manifestations or heart problems. Also type of foods she eats, fruits, fish, vegetables, sugars, cups of coffee soft-drink and water. 3. Laboratory studies: All mother and children underwent laboratory assessment for Low density lipoprotein (LDL) by colorimetric methods; High density lipoprotein (HDL) by colorimetric methods and highly sensitive C-reactive protein (hsCRP) by turbidimetric essay.
Statistical analysis
The findings were statistically analyzed using STATA/SE version 11.2 for Windows (STATA Corporation, College Station, Texas). Continuous data were expressed as the mean ± SD and range, and categorical data were expressed as a number and percentage. Student t-test (t) was used to compare two groups of normally distributed data. One Way Analysis Of Variance (ANOVA; F) was used to compare more than two groups followed by post-hock tests using the Bonferroni method to detect differences in pairs. The Pearson correlation coefficient was used to test correlations between the estimated parameters. Percent of categorical variables were compared using the Chi-square (v 2 ) test and Fisher's Exact
Test as appropriate. After the calculation of each of the test statistics, the corresponding distribution tables were consulted to get the ''P" (probability value). Statistical significance was accepted at P value <.05 (S). A P value <.001 was considered highly significant (HS) while a P value >.05 was considered non-significant.
Results
The present study included 120 pairs of mothers and their preschool children aged 2-6 years. They were divided into four groups: group 1a: children who had never been breastfed, 24 (42.86%) were females and 32 were males (57.14%), their mean age was 3.86 ± 1.43 (range = 2-6) years, group 2a: mothers of the children who had never been breastfed, their mean age was 30.5 ± 3 (range = 25-35) years, group 1b: children who were breastfed in the first 6 months of life 28 (43.75%) were females and 36 were males (56.25%), their mean age was 4.25 ± 1.74 (range = 2-6) years. Group 2b: mothers of the children who were breastfed in the first 6 months of life their mean age was 30.12 ± 2.12 (range = 26-36) years. There was no statistically significant difference between the four groups regarding age Table 1 shows that there was statistically significant difference between the two groups of mothers regarding occupation of father as it was higher in group 2b (37.5% was craftsman and 56.52% was professional job). However there was no significant difference between the two groups regarding age of mother, education of mother, work state of mother and type of delivery. Table 2 shows that there was a statistically significant difference between the two groups of children regarding contact between mother and baby after birth as it was higher in group 1b (31.25% holding their babies immediately after birth and 6.25% within an hour), milk expression by hand as it was higher in group 1a (85.71% yes express their breast milk), no separation between baby and mother in the first six months as it was higher in group 1b (100% babies was always with their mothers), frequency of feeding as it was higher in group 1b (87.5% on demand feeding), supplements given other than breast milk during the first six months as it was higher in group 1b (93.75% no supplements other than breast milk) while in group 1a there was (71.43% introduced infant formula), introduction of family foods as it was higher in group 1b (75% introduced after 12 months) and introduction of junk foods and fast foods as it was higher in group 1a (42.86% taken junk foods at 12 months and 35.7% at 18 months or more), pacifier usage as it was higher in group 1a, also duration of feeding as it was higher in group 1b. However there was no significant difference regarding age of starting weaning and type of milk introduced after 12 months.
There was a statistically significant difference between the two groups of mothers regarding hours of sleep per night as it was higher in group 2a (64.29% > 8 h) and in group 2b (56.25% > 8 h) with p = .05 and types of foods as it was higher in group 2b (93.75% home foods) and in group 2a (64.28% home foods) with p = .01. However there is no significant difference regarding exposure to stress, practicing exercise, sleep trouble and types of drinks taken. Table 3 shows that there was statistically significant difference between the two groups of mothers regarding systolic blood pressure, diastolic blood pressure and highly sensitive C-reactive protein as it was higher in group 2a (mean ± SD= 110 ± 10.89, 71. 43 ± 6.51 and 3.3 ± 2.2 respectively). However there was no statistically significant difference regarding body mass index, low density lipoprotein, high density lipoprotein and ratio of low density lipoprotein /high density lipoprotein. Table 4 shows that there was a statistically significant difference between the two groups of children regarding highly sensitive C-reactive protein as it was higher in group 1a (m = 2.08 ± 1.64-0. 84 ± 1.09 in group 1b. However there was no a statistically significant difference regarding body mass index, low density lipoprotein, high density lipoprotein and ratio of low density lipoprotein /high density lipoprotein.
Relationship between serum levels of LDL (mg/dl) in group 1a (artificial fed children) and feeding practices shows that there was no a statistically significant difference between LDL (mg/dl) and (type of delivery, contact between mother and baby soon after birth, milk expression by hand, baby with mother in the first six months, feeding schedule, offering supplementation other than milk during the first six months, pacifier usage, age of starting weaning, duration of feeding, introduction of family foods, introduction of junk and fast foods and type of milk introduced after 12 months) Table 5 .
Relationship between feeding practices and serum levels of LDL (mg/dl) in group 1b (breastfed Children) shows that there was a statistically significant difference between LDL (mg/dl) and (type of delivery as it was low in normal delivery while it was high in caesarean section p = <.001), (contact between mother and baby soon after birth as it was low in immediate contact while it was high in within an hour p = <.001) and (age of starting weaning as it was low in after 9 months while it was high in from 6 to 9 months p = <.001). However there was no a statistically significant difference between LDL (mg/dl) and (milk expression by hand, baby with mother in the first six months, feeding schedule, offering supplementation other than milk during the first six months, pacifier usage, duration of feeding, introduction of family foods, introduction of junk and fast foods and type of milk introduced after 12 months) Table 5 .
Relationship between serum levels of HDL (mg/dl) in group 1a (artificial fed children) and feeding practices shows that there was a statistically significant difference between HDL (mg/dl) and (contact between mother and baby soon after birth as it was low in within hour while it was high in immediately contact p = <.01), (baby with mother in the first six months as it was low in the baby was always with mother while it was high in sometimes the baby was not with mother p = <.01), (pacifier usage as it was low in usage of pacifier while it was high in no usage of pacifier p = <.002) and (age of starting weaning as it was low in from 4 to 6 months while it was high in from 6 to 9 months p = <.03). However there was no a statistically significant difference between HDL (mg/dl) and (type of delivery, milk expression by hand, feeding schedule, offering supplementation other than milk during the first six months, duration of feeding, introduction of family foods, introduction of junk and fast foods and type of milk introduced after 12 months) Table 5 . Relationship between feeding practices and serum levels of HDL (mg/dl) in group 1b (breastfed Children) shows that there was a statistically significant difference between HDL (mg/dl) and (contact between and baby soon after birth as it was low in baby was in incubator while it was high in within hour p = <.001) and (age of starting weaning as it was low in from 4 to 6 months while it was high in from 6 to 9 months p = <.001). However there was no a statistically significant difference between HDL (mg/dl) and (type of delivery, baby with mother in the first six months, feeding schedule, offering supplementation other than milk during the first six months, pacifier usage, duration of feeding, introduction of family foods, introduction of junk and fast foods and type of milk introduced after 12 months) Table 5 . Relationship between Hs-CRP (mg/l) in group 1a (artificial fed children) and feeding practices shows that there was a statistically significant difference between Hs-CRP (mg/l) and (type of delivery as normal delivery had low highly sensitive C-reactive protein while caesarean section had high highly sensitive C-reactive protein P = .049) and (contact between mother and baby soon after birth as contact within an hour had low highly sensitive Creactive protein while immediately contact had high highly sensitive C-reactive protein P = .04). However there was no statistically significant difference between Hs-CRP (mg/l) and (milk expression by hand, baby with mother in the first six months, feeding schedule, offering supplementation other than milk during the first six months, pacifier usage, age of starting weaning, duration of feeding, introduction of family foods, introduction of junk and fast foods and type of milk introduced after 12 months) Table 5 .
Relationship between Hs-CRP (mg/l) in group 1b (breastfed Children) and feeding practices shows that there was a statistically significant difference between Hs-CRP (mg/l) and (duration of breastfeeding as it was low in 18-24 months while it was high in 12-18 months P = .002) and (introduction of junk and fast foods as it was low in after 2 years while it was high in >18 months P = .04). However there was no statistically significant difference between Hs-CRP (mg/l) and (type of delivery, contact between mother and baby soon after birth, milk expression by hand, baby with mother in the first six months, feeding schedule, offering supplementation other than milk during the first six months, pacifier usage, age of starting weaning, introduction of family foods and type of milk introduced after 12 months) Table 5 .
Discussion
Breast milk differs from artificial milk formula in several ways that affect the growth and lipid profiles of infants. Breastfeeding is associated with lower infection rates of childhood, also associated with decrease in systolic blood pressure and total cholesterol, and low risks of obesity and diabetes in adult life. Although it has a little effect on markers of cardiovascular disease, breastfeeding rates are below required level in many countries. 12 As regards
Feeding practices: in this study there was a statistically significant difference between the two groups of children regarding early contact between mother and baby after birth as it was higher in group 1b (31.25% holding their babies immediately after birth and 6.25% within an hour), there was a statistically significant higher in children who were exclusively breastfeeding compared to those who were not breastfed indicating that early contact was associated with higher breastfeeding rates. Our findings are in agreement with the Cochrane review studies that were conducted on the effects of early skin to skin contact (SSC) from randomized controlled studies of immediate and early SSC. The studies compared early SSC with standard hospital care for women with healthy full-term babies. In eight studies women gave birth by caesarean section, and in six studies the babies were born preterm at 35 weeks or more but healthy. More women who practice SSC with their babies were still breastfeeding at one to four months after birth. They concluded that mothers who practice SSC breast fed their infants for longer duration (Moore et al., 2016). 13 In this study mothers who practiced exclusive breastfeeding and gave no supplements other than breast milk, were on demand feeding, with high frequency, and supplemented by milk expression with no or minimal separation between baby and mother in the first six months, were more likely to continue to breastfeed for a longer duration. In contrast the group that did not continue breastfeeding were more likely to introduced infant formula early, introduce family foods early and practice junk food eating. Recent Cochrane reviews have shown that the likelihood of infants continuing to breastfeed was higher in the exclusive breastfeeding infant groups than the infants provided with additional supplements or even water or glucose water in the first few days after birth (Smith and Becker, 2016 ). 14 One study conducted a systemic review on the effect of milk expression on the duration of breastfeeding and found that there was an association between expressing and the success and duration of breastfeeding, others found the opposite. In some cases these contradictions have been exacerbated by inaccurate definitions of breastfeeding and breast milk (John et al., 2014) . 15 Another
Cochrane review concluded that exclusive breastfeeding for six months by abiding to the past practices lead to reduced morbidity from gastrointestinal infection than those who are mixed feeding in the first three or four months, and no deficits have been demonstrated in growth among infants from either developing or developed countries who are exclusively breastfed for six months or longer (Kramer and Kakuma, 2012) . 16 In the current study there was statistically significant difference regarding pacifier usage and duration of feeding. A Cochrane review conducted about pacifier use showed that unrestricted use of a pacifier did not affect the proportion of infants exclusive or partial breastfeeding at three and four months. (Jaafar et al., 2016) . 17 However, another meta-analysis and review that the use of pacifiers was associated with shortened duration of exclusive breastfeeding beyond 6 months (Karabulut et al., 2009 ). 18 A dummy in the first month increased the risk of breastfeeding cessation before one year of age (Felden et al., 2012) . 19 recommendation of American Academy of Pediatrics about the usage of dummies is to reduce sudden infant death syndrome. However, breastfeeding is protective against SDS, especially among exclusively breastfed babies (Hauck et al., 2011) . 20 Hence the recommendation for use of pacifiers after one month and to be stopped before 6 months can be applied to bottle fed babies and not to breastfed babies. This study showed that, there was no statistically significantly difference between body mass index and education of mother, Table 4 Comparison between group 1a (artificial fed children) and group 1b (breastfed children) regards other risk factors of cardiovascular. However, a longitudinal cohort in La Crosse, Wisconsin, found long-term differences in adiposity by breastfeeding history. A decade after the index pregnancy, they reported that women who breast-fed for more than 12 weeks weighed 3.73 kg less than women who had never breast-fed, adjusting for gestational weight gain, weight loss by 6 months postpartum, and aerobic exercise. These findings suggest that lactation may have long-lasting effects on BMI, independent of weight in the early postpartum period. Alternately, differences in pre-pregnancy BMI or health behaviors associated with more than 12 weeks of breast-feeding may explain the observed association (Rooney and Schauberger, 2002) . 22 Regards risk factors of CVD: in this study mothers who breastfed tended to get less hours of sleep and eat less junk foods and more family food compared to the formula feeding mothers who slept more hours and ate more junk foods. However there was no significant difference regarding exposure to stress, practicing exercise, sleep trouble and types of drinks taken. These findings may be of relevance when we later examine associations with predictors of risk for CVD. Too much or too little sleep may be associated with risk of heart disease. The optimum duration of sleep is between 7 and 8 h (Nagai et al., 2010). 23 As regards lipid profile and hs-CRP: elevated levels of blood lipids are well documented risk factors for cardiovascular disease, 24 also high-sensitivity CRP (hs-CRP) has long been considered a Primary biological marker of subclinical inflammation and is an indicator that has a sensitive indicator of atherosclerosis, diabetes and coronary heart diseases also in apparently healthy individuals. 25 In this study laboratory markers of CVD in children showed interesting findings. We found that the hs-CRP levels in children who were exclusively breastfed in the first 6 months were significantly lower than the hs-CRP in children who were artificially fed in the same period. Regarding correlation between hs-CRP in group 1a (artificial fed children) and feeding practices shows that there was a statistically significant difference between Hs-CRP (mg/l) and (contact between mother and baby soon after birth as contact within an hour had low highly sensitive C-reactive protein while immediately contact had high highly sensitive C-reactive protein.
Regarding correlation between hs-CRP in group 1b (breastfed Children) shows that there was a statistically significant difference between Hs-CRP (mg/l) and (duration of breastfeeding as it was low in 18-24 months while it was high in 12-18 months) and (introduction of junk and fast foods as it was low in after 2 years while it was high in >18 months. This is in agreement with other workers who found that there was a statistically significant difference between children exposed to exclusive breastfeeding in the first six months of life and those who were artificially fed regarding hs-CRP levels as predictors of CVD (James, 2008) . 26 The interpretation of such findings is difficult to explain, but we propose that micro RNAs (miRNAs) may play a role. Micro RNAs are potential biomarkers for coronary artery disease (CAD), myocardial infarction (MI), and heart failure (HF) (Bronze-daRocha, 2014) 27 Breast milk is rich in miRNAs which in turn can affect cardiac muscle differentiation (AlSaweed et al., 2016) . 28 This may be the underlying mechanism whereby breast milk cells rich mRNAs may protect from CVD risk and influence the development of ischemic heart disease (IHD).
Other workers have shown that human milk is rich in insulin which is 30-fold that in artificial formula (Karolina et al., 2011) . 29 The human milk insulin enhances uptake of glucose and regulation glycogen metabolism and thereby influencing the development of obesity and diabetes mellitus type II which are both risk factors for CVD (Shehadeh et al., 2001 ). 30 Also in our study the hs-CRP among mothers who practiced exclusive breastfeeding was significantly lower in this study when compared to mothers who artificially fed their children. This agrees with Paul et al. (2000) 31 who studied C-reactive protein and other markers of inflammations in the prediction of cardiovascular disease in woman. They evaluated the combined role of lipid levels and markers of inflammation as predictors of CVD. Their findings also showed that hs-CRP was higher in mothers who artificially fed their children compared to mothers who breastfed their children.
As regarding to lipid profile, this study showed that, there was no statistically significant difference between mothers who artificially fed their children and mothers who breastfed their children, regarding to low density lipoprotein (LDL), high density lipoprotein (HDL) and ratio of LDL to HDL. Regarding to correlations between LDL and HDL in group 1b (breastfed Children) shows that there was a statistically significant difference between LDL, HDL and age of starting weaning as it was low in after 9 months while it was high in from 6 to 9 months. Also regarding correlations between HDL in group 1a shows that there was a statistically significant difference between HDL and (baby with mother in the first six months as it was low in the baby was always with mother while it was high in sometimes the baby was not with mother), also (pacifier usage as it was low in usage of pacifier while it was high in no usage of pacifier) and (age of starting weaning as it was low in from 4 to 6 months while it was high in from 6 to 9 months) These results were in agreement with Parikh et al. (2009) 32 who studied breastfeeding in infancy and adult cardiovascular disease risk factors. They found that breastfeeding mothers had lower BMI and higher mean HDL cholesterol. There was no statistically significant difference regarding LDL and LDL/HDL ratios between both groups. Regards other risk factors of CVD, This study showed that systolic blood pressure (SPB) was higher in mothers who had never breastfed their children compared to mothers who had breastfed their children. Our findings are in agreement with the study of other workers who found that, the average SBP of mothers who had never breastfed was significantly higher than that of mothers who had breastfed (120 compared with 115 mm Hg, P = .01) (Schwarz et al., 2009 effect of long-term lactation on the risk of hypertension in premenopausal Korean women using longitudinal cohort study. They demonstrated that lactation has beneficial effects on blood pressure. 34 However, our findings are not in agreement with Owen et al. (2003) who studied the relationship between infant and childhood nutrition and cardiovascular disease in later life. They found that, there is little evidence of any strong association between breastfeeding and blood pressure. 35 This present study showed that diastolic blood pressure (DBP) was higher in mothers who had never breastfed their children compared to mothers who had breastfed their children. This is in agreement with Groer et al. (2013) who found that women who were breastfeeding had lower DBP compared to those who were not breastfeeding. 33 Our findings are also in agreement with Fall et al. (2011) who found that in Brazil, DBP was lower among participants who were breastfed than non-breastfed. 21 
Conclusions
We conclude that early feeding practices can influence the development of cardiovascular diseases as breast fed infants and their mothers had lower hs-CRP levels which is considered as a biomarker of CVD risk. Hence suboptimal early infant feeding practices that encourage formula feeding could also increase death from IHD. Promoting and supporting exclusive breastfeeding for the first six months of life together with practices that support successful breastfeeding including early initiation of breastfeeding through first hour skin to skin, on demand feeding and no supplements, and can reduce the burden of disease from CVD and reduce the death toll around the world from IHD.
Moreover, our study is one of the few studies that show the protective effect of exclusive breastfeeding, in the first six months, for both the mother and the baby. Although the study is limited by the small number of cases, the findings are of particular interest and have significant clinical applications and address public health concerns. We thereby recommend that further studies should be carried out on larger samples to further substantiate such findings.
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